1. The catalytic decomposition of undegraded cellulose in the form of cotton fibres is described with hydrogen peroxide at 0.4-0.04% (w/v) MATERIALS AND METHODS Sub8trate8 and reagents. Non-de-waxed and de-waxed Texas cotton fibres were as described by Halliwell (1961). Other reagents were H202 (29%, w/v; A.R.; Hopkin and Williams Ltd., Chadwell Heath, Essex) standardized against KMnO4; x-sodium acetate-N-HCl buffer, pH2-9-3-3; 0 2M-sodium acetate-0*2N-acetic acid buffer, pH3'4-5.0. Chemicals tested for catalytic activity were: barium acetate, FeSO4, Li2SO4, K4Fe(CN)6, K3Fe(CN)6 and AgNO3 (all A.R.; Hopkin and Williams Ltd.); NH4VO3, BeSO4, CdSO4, Co(NO)2, CuS04, CuCl, FeCl3, MgSO4, MnSO4, NiSO4, SnCl2, SrCl2, uranyl acetate, ZnSO4 and zinc acetate (all A.R.; British Drug Houses Ltd., Poole, Dorset); Fe2(SO4)3, mercuric acetate and SeO2 (all Laboratory Reagents; British Drug Houses Ltd.); Cr2(S04)3 ('normal') and AI(NO3)3 (British Drug Houses Ltd.). All were tested at the same and double the molar concentration of ferrous salt in the standard procedure (see below).
Under most conditions cellulose consists of insoluble molecules not readily dissolved or degraded unless subjected to relatively high temperatures or extremes of acidity or alkalinity. In the laboratory a number of chemical procedures is available for this breakdown, but none can compete with the biochemical activities of cellulolytic micro-organisms. These can completely hydrolyse the most complex forms of undegraded cellulose, as found in cotton fibres, to sugars under mild conditions at about pH4-7. In contrast, adequate chemical procedures cause extensive destruction of all material present, and produce a grossly contaminated product.
The present paper describes the complete breakdown of cotton fibres at pH4 by very dilute hydrogen peroxide in the presence of ferrous salts in trace amounts. Disintegration of cotton to very short fibres takes place within a few days, but only small amounts of soluble products are found. The effects of a number of variables, including concentrations of ferrous salts and of hydrogen peroxide and pH, are described. The reaction on other forms ofnaturally occurring cellulose, namely grass, straw, hay and sawdust, was also examined.
MATERIALS AND METHODS
Sub8trate8 and reagents. Non-de-waxed and de-waxed Texas cotton fibres were as described by Halliwell (1961) . Other reagents were H202 (29%, w/v; A.R.; Hopkin and Williams Ltd., Chadwell Heath, Essex) standardized against KMnO4; x-sodium acetate-N-HCl buffer, pH2-9-3-3; 0 2M-sodium acetate-0*2N-acetic acid buffer, pH3'4-5.0. Chemicals tested for catalytic activity were: barium acetate, FeSO4, Li2SO4, K4Fe(CN)6, K3Fe(CN)6 and AgNO3 (all A.R.; Hopkin and Williams Ltd.); NH4VO3, BeSO4, CdSO4, Co(NO)2, CuS04, CuCl, FeCl3, MgSO4, MnSO4, NiSO4, SnCl2, SrCl2, uranyl acetate, ZnSO4 and zinc acetate (all A.R.; British Drug Houses Ltd., Poole, Dorset); Fe2(SO4)3, mercuric acetate and SeO2 (all Laboratory Reagents; British Drug Houses Ltd.); Cr2(S04)3 ('normal') and AI(NO3)3 (British Drug Houses Ltd.). All were tested at the same and double the molar concentration of ferrous salt in the standard procedure (see below).
Standard procedure for the decompo8ition of cotton fibre8 by hydrogen peroxide and ferrous salt. A 4ml. portion of 0-2X-sodium acetate-0-2N-acetic acid buffer, pH4.2, and 5mg. of cotton fibres were mixed with water, 0-2ml. of and incubated at 370 for the desired period. The vessels were not shaken but the contents were mixed twice daily. Residual cellulose was estimated colorimetrically on filter-sticks (porosity 2) after removing soluble material and washing the residual cellulose with water (Halliwell, 1958 (Halliwell, , 1962 . The washed fibres were first heated at 990 for 3min. in 2ml. of 0-8N-H2SO4 to remove a reddish deposit sometimes present after incubation with iron salts. The treated fibres were subsequently separated from the acid digest, washed with water and oxidized with dichromate. The preliminary acid treatment produced no significant change in weight of non-de-waxed or of de-waxed cotton fibres, either before or after incubation of these fibres in the peroxide-ferrous sulphate system described below (Fig. 3) .
Determination of hydrogen peroxide. This was done with the CdI2-starch reagent described for dichromate (Halliwell, 1960) . The H202-containing solution (up to 4ml.) was mixed with 4ml. of 6-25w-H2SO4 and the reaction started by adding 2ml. of the CdI2-starch reagent. After 20min. at 25°the colour was read against water in a Spekker absorptiometer (Hilger) in a 1cm. light-path with Ilford orange filters (no. 607, peak transmission 600m,u). The calibration curve is linear in the range 0 6-6pg. of H202.
For a series of tubes the CdI2-starch reagent was added at suitably spaced intervals of about 1 min.
Determination of total carbon. In some experiments carbon determinations were made on the insoluble and soluble material present after incubation by using the procedure and apparatus of Heald (1951) suspended particles and opalescence. Below pH3 and above pH 5 less than 12% of the substrate was solubilized and no loss of weight took place in 6 days when either hydrogen peroxide or ferrous sulphate was omitted from the reaction mixtures at pH 3.1-5'0. At the pH for maximum rate ofbreakdown, about 4-2, little visible change took place in the first day, but during the next 24hr. numerous short fibres appeared, which were retained by the filter. By the end of the third day the bulk of the original cotton fibres was almost completely disintegrated into short fibres, leaving the residual cotton as a very weak and extended mass of fibres that disintegrated on vigorous shaking. Subsequent degradation of these residual cotton fibres was rapid and accompanied by dissolution of the short fibres.
De-waxed cotton fibres were also converted into short fibres and soluble products, although not as readily as were non-de-waxed fibres. Thus in the experiment shown in Fig. 3 92% solubilization of non-de-waxed fibres was achieved in 7 days, compared with 75% for de-waxed fibres. The rate of breakdown of each substrate was somewhat similar to the corresponding rate of decomposition of hydrogen peroxide.
Degradation of cellulose proceeded more rapidly at 370 than at lower temperatures, but slow breakdown also took place at 30 in reaction mixtures transferred from temperatures of 370 and 20°as well as in mixtures held initially at 30 (Fig. 4) .
Effect of nature and concentratioon of reagent8 on the decompo8ition of cotton fibres. A final concentration of approx. 0*03M-sodium acetate-0*06N-acetic acid buffer was used at the optimum pH4.2 for most experiments, although acetate concentrations down to 2mM have proved equally effective provided that pH was maintained. Other buffer solutions were used, at about pH3-8-4-2, namely 50mM-potassium hydrogen phthalate alone or adjusted with sodium hydroxide, 0 2M-disodium hydrogen phosphate-0 lM-citric acid and 0-2M-disodium hydrogen phosphate-0 1m-phosphoric acid, but none gave more than 7% solubilization in 8 days.
Larger amounts of hydrogen peroxide than that used in the standard procedure proved beneficial in accelerating the degradation of cotton fibres. With three times the concentration of hydrogen peroxide in the standard procedure the visible rate of reaction approximately doubled, resulting in the production of short fibres in 24hr. By the second intervals enabled almost 50% of the non-de-waxed cotton fibres to be solubilized in the 28-day period. The total amount of hydrogen peroxide added in stages to effect this degree of solubilization corresponded to halfthat added in the standard procedure where the fibres suffered 65% breakdown in 4 days (o in Fig. 5 ).
The range of significant and rapid breakdown of cotton cellulose by 0.4% hydrogen peroxide is limited by ferrous sulphate concentrations of approx. 2-2-0-022mM ( The conditions presented in the standard procedure were designed to achieve dissolution of a major portion of cotton cellulose in a few days, but it was also possible to produce a more leisurely and controlled breakdown of this substrate by smaller concentrations of both hydrogen peroxide and ferrous sulphate (Table 3) . Under these conditions with a quarter ofthe standard amount of hydrogen peroxide and one-quarter to one-tenth of 
DISCUSSION
None of the other compounds tested was as effective as ferrous or ferric salts in promoting the degradation of cellulose by hydrogen peroxide. Trace amounts of ferrous sulphate solutions, acting within a narrow range of concentrations, enabled dilute solutions of hydrogen peroxide to fragment fibrous cellulose and achieve major solubilization of the substrate in a few days under mildly acid conditions (Fig. 3) . Soluble degradation products from the original cotton or from the short fibres did not accumulate but were lost from solution as the reaction continued. A more gradual breakdown of cotton fibres extending over a few weeks (Fig. 5 and Table 3 ) was brought about by hydrogen peroxide and ferrous sulphate in even smaller concentrations than that described above. The initial breakdown products were very short fibres and resembled the particles formed by cellulolytic micro-organisms (Halliwell, 1965) . It is conceivable that the peroxide-ferrous sulphate reaction may be an alternative mechanism to the hydrolytic action of cellulase for the disintegration of cellulose in Nature. Micro-organisms possessing hydrogen peroxide-forming mechanisms, such as glucose oxidase, would be able to provide hydrogen peroxide in amounts suitable for the slower reaction between hydrogen peroxide and ferrous sulphate. Localized attack on cellulose in close proximity to the invading organism is a characteristic feature of the microbial breakdown of fibrous cotton.
The hydrogen peroxide-ferrous sulphate reaction may also be concerned in the photolytic degradation of textiles in Nature. Breakdown of naturally occurring forms of cellulose by hydrogen peroxide and ferrous sulphate could perhaps be used to render fibrous material more digestible to herbivores without further treatment to remove toxic reagents. The same reaction might find application in other connexions such as those relating to the preparation of silage, composting or the disposal of waste material.
